Mycoplasma pneumoniae is one of the most common pathogens that cause respiratory tract infections (13) . The adherence of M. pneumoniae to respiratory epithelial cells through a tip terminal structure is a prerequisite for colonization and subsequent infection (1, 9, 16) . The 170-kDa protein encoded by the p1 gene, approximately 4,900 bp in length, is an adhesin and antigenic factor of M. pneumoniae, and it is densely clustered at this tip terminal structure. The p1 gene contains two previously described repetitive regions, one located within the 3Ј part (RepMP2/3) and another located within the 5Ј part (RepMP4). RepMP2/3 and RepMP4 elements are present in the M. pneumoniae genome in up to 10 (RepMP2/3-1 to -10) and 8 (RepMP4-1 to -8) copies, respectively. However, only one copy of a functional full-length p1 gene has been found in the M. pneumoniae genome (8) . Based on sequence variation of the p1 gene, M. pneumoniae clinical isolates have been divided into types 1 and 2 (2, 10, 12, 18, 21) . In 1999, Kenri et al. discovered a p1 variant of M. pneumoniae designated MP309 (11) . In 2001, Dorigo-Zetsma et al. identified another p1 variant designated Mp4817 (4). According to the p1 gene sequences of these variants, Kenri and Dorigo-Zetsma hypothesized that p1 gene variation might be generated by homologous recombination of the RepMP sequences located both inside and outside the p1 gene. Sequence analysis of the p1 genes of additional M. pneumoniae clinical isolates has led to the discovery of two other novel p1 variants, 2b (5) and Mp3896 (15) . Although the reported p1 gene sequences help us to understand its structural complexity and functional importance, an insufficient amount of available material hinders further sequence analysis of the p1 gene. We sequenced the p1 gene of 60 M. pneumoniae clinical isolates in Beijing, China.
M. pneumoniae isolates came from throat swabs of patients with community-acquired pneumonia treated at Beijing ChaoYang Hospital (Beijing, China) during 2008 and 2009. After subculture and purification, all of the isolates were identified by real-time PCR (6) . Genomic DNA of each isolate was extracted with the QIAamp DNA Mini Kit (Qiagen). The full-length p1 gene of all 60 isolates was amplified using primers SeqP1-F (5Ј-ATGCACCAAACCAAAAAAACTGCCT-3Ј) and SeqP1-R (5Ј-CTAAGCGGGTTTTTTAGGTGGTTG C-3Ј). The PCR mixture was prepared in a total volume of 50 l. Each PCR mixture contained the following per reaction: 10 l of 5ϫPrimeSTAR buffer (TaKaRa DR010A), 4 l of a deoxynucleoside triphosphate mixture (2.5 mM each), a 0.5 M final concentration of each primer, 1.25 U of PrimeSTAR HS DNA polymerase (TaKaRa DR010A), 1 l of extracted nucleic acid from each isolate, and nuclease-free water (Promega P1193) to achieve a 50-l final volume. The reaction conditions were 30 cycles of 98°C for 15 s, 56°C for 15 s, and 72°C for 3 min. The amplicons were then sequenced bidirectionally (sequencing and product splicing were performed by the Beijing Genomics Institute). Comparison of the complete p1 gene sequences of 60 M. pneumoniae isolates in this study with those of strains M129 (giԽ150166), P11428 (giԽ12382267), Mp1842 (giԽ15213523), Mp3896 (giԽ157383331), MP309 (11), and Mp4817 (giԽ15213519) from GenBank was performed by using Vector NTI suite 6 software and BLAST program (http: //blast.ncbi.nlm.nih.gov/Blast.cgi).
Through sequence typing results, 52 (86.7%) isolates were found to be type 1, 2 (3.3%) isolates were variant 2a, and the other 6 (10.0%) isolates, MpP033 (JN048891), MpP036 (JN048892), MpP042 (JN048893), MpP053 (JN048894), MpP054 (JN048895), and MpP118 (JN048896), were a new variant type, 2c, which contained a novel variable region in the RepMP4 element. The p1 gene of these variant 2c isolates contained a novel variable region of 82 bp between nucleotides (nt) 1368 and 1449 (corresponding to nt 1353 and 1437 in the p1 gene of strain M129) in the RepMP4 region. The amino acid sequence of the novel variable region showed 56% sequence divergence from corresponding regions in the p1 genes of previously reported isolates. In addition, the MpP053 isolate contained another variable region with 13 point mutations between nt 1208 and 1354 (corresponding to nt 1193 and 1339 of strain M129) in the RepMP4 region (Fig. 1) . These variable regions showed 100% sequence homology with the RepMP4-7 elements found outside the p1 gene in 20 previously reported M. pneumoniae isolates.
Compared to the sequences in GenBank, 14 of the 60 sequenced p1 genes had point mutations (Table 1 ). An AGT trinucleotide variable-number tandem repeat (VNTR) which codes for serine, repeating 5 to 14 times, was found in the (Fig. 2) ( Table 2 ). The stability of the VNTR was confirmed by sequencing of the 10th repeated passage of six isolates, and no change was found.
Numerous repetitive sequences provide a considerable source of homologous-recombination-mediated genetic variation in M. pneumoniae (17, 20, 22) . Spuesens et al. (19) analyzed the DNA sequences of all of the RepMP2/3 and RepMP4 elements within the genomes of 23 M. pneumoniae isolates and found that the sequences of the variable region in the p1 genes showed high homology with at least one RepMP element located outside the p1 gene. In this study, we found that, except for the RepMP4-7 element, no other sequences in the genomes of M. pneumoniae or other species showed a high degree of homology with the novel variable sequence in the p1 gene of the new variant isolates. This suggests that this novel variable sequence may result from intragenomic homologous recombination between RepMP4 sequences. The p1 gene of variant 2c isolates was similar to that of the variant 2a strain (MP309) which was reported in 1999 by Kenri et al. (11) . Considering the detection period of MP309, variant 2c isolates may result from the further recombination of variant 2a strains. Through recombination, the amino acid sequence divergence of the novel variable region in the p1 gene presumably caused changes in protein structure. This may allow the strain to evade the host's immune system.
Although the nucleotide sequence outside the RepMP element in the p1 gene is very conserved, we also found a VNTR, with the trinucleotide repeat sequence AGT, located in the region between the RepMP4 and RepMP2/3 elements of the p1 gene. In prokaryotic genomes, short sequence repeats (SSRs) can play various roles, depending on their sequence, length, and location (23) .The effect of trinucleotide SSRs on surface antigens may be indirect and facilitated by alterations of protein structural properties (14) . Serine repeats may form a hinge structure, altering the structure (7). Continuous serine stretches might easily form hinge structures in the p1 protein.
The VNTR in the p1 gene is a common phenomenon in our sequenced isolates and also in all other reported p1 sequences. Dégrange et al. reported a multilocus VNTR analysis (MLVA) method for the molecular typing of M. pneumoniae for the first time in 2009 (3). The stable VNTR in the p1 gene may be a better locus for MLVA.
With the high-frequency homologous recombination of the p1 gene, the traditional p1 typing concept gradually becomes ambiguous. For example, in the p1 gene of variant 1 isolate Mp4817 (4), most RepMP2/3 regions lost the traditional type 1 character and a part of the variant 2a fragment appeared in the RepMP2/3 region (Fig. 1) . We believe that the complexity and randomness of homologous recombination of the p1 gene might become a big challenge for the typing methods and the conceptualization of M. pneumoniae. 
